| INTRODUCTION
Rhododendrol (rhododenol), a phenolic compound found in white birch trees, was synthesized as a skin-lightening agent. A fraction of the users develop depigmented macules mainly at the application site, termed Rhododenol-induced leukoderma (RIL). It is difficult to clinically distinguish RIL from vitiligo, an auto-immune disorder targeting melanocytes. 1, 2 Until recently, the pathogenesis of RIL has been discussed in terms of biochemical, cell biological, and immunological aspects. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Histopathological and immunohistochemical studies showed basal hypo-pigmentation, melanin incontinence, and a decrease in the number of melanocytes in RIL. 2, 10 However, the ultrastructural characteristics of RIL have not been fully elucidated.
We herein investigated morphological changes in RIL and propose a novel pathogenesis based on them. These findings are also key features for differentiating RIL from vitiligo.
| MATERIALS AND METHODS

| Patient selection
Fourteen patients with RIL and 15 patients with non-segmental vitiligo (9 patients with generalized vitiligo and 6 patients with acrofacial vitiligo) were enrolled in this study after obtaining informed consent.
The study protocol was approved by the Ethics Committee of Tottori University (approval number: 2359). The diagnoses of RIL and vitiligo were made by six expert dermatologists according to the guide established by the Japanese Dermatological Association for the management of RIL. 2 Characteristics of patients with RIL and vitiligo are summarized in Table 1 . We took the biopsy specimens in an elliptical incisional biopsy including parts of the depigmented lesion and perilesional skin.
| Routine histopathology and immunohistochemistry
Biopsied specimens were fixed in 10% formalin and embedded in paraffin, and deparaffinized 5-μm-thick sections were cut for histo- 
| Transmission electron microscopy observation
Biopsy specimens from 13 cases of RIL and 6 cases of vitiligo were also cut into several smaller pieces, fixed in 2.5% buffered glutaraldehyde, post-fixed in 1% buffered osmium tetroxide, and routinely processed for transmission electron microscopy (TEM). Ultrathin sections were examined in a JEM-1400 transmission electron microscope (JEOL, Tokyo, Japan). In mouse experiments, the specimens were also processed for TEM routinely as previously described. 13 
| RIL mouse model
To investigate the direct effects of morphological changes caused by rhododendrol, we examined specimens of the RIL mouse model ultrastructurally as previously described. 13 All animal procedures were performed in accordance with the National Institutes of Health Guide for the Use of Laboratory Animals and were approved by the Animal
Research Committee of Yamagata University. 13 Briefly, the mice were prepared by daily application of 30% rhododendrol to the skin of hairless hk14-SCF Tg mice. 13 The Skin samples were biopsied before application of rhododendrol and on days 4, 7, and 14. 13 
| Statistical analysis
Statistical analysis was performed using Fishers exact probability test for comparing the histopathological features of RIL and vitiligo. The
Wilcoxon signed-rank test was used to compare the differences between the numbers of melanocytes in the lesional and perilesional skin with both diseases. P-values less than 0.05 were considered statistically significant. These analyses were performed using Statcel version 3.0 software (OMS, Tokyo, Japan). 3 | RESULTS 
| Four key histopathological findings for RIL and vitiligo
| Decreased number of melanocytes compared with that in perilesional skin
We found that the numbers of Melan A + cells, CD1a
− /S-100 protein + cells, and Sox10 + cells in the lesional skin were significantly decreased compared with those in the perilesional skin (Figure 2A-D) . Thus, we confirmed that there was a decrease in the number of melanocytes in lesional skin of RIL and vitiligo cases. 
| DISCUSSION
Recent studies on vitiligo have suggested that intrinsic defects of melanocytes are involved in melanocyte cytotoxicity. [15] [16] [17] In addition, autoimmunity targeting melanocytes have been shown to play an important role in the elimination of melanocytes from vitiligo skin. 17 We found the following five key histopathological features:
(a) vacuolization in the dermoepidermal junction, 18, 19 suggested that a dilated rER is a primary morphological change that may contribute to the destruction of melanocytes in vivo.
In contrast, there have been a few reports on morphological changes of RIL. Our study showed no obvious differences between RIL and vitiligo at the light-microscopic level. However, TEM showed Our hypothesis reflects the good prognosis for most cases of RIL and the radical functions of rhododendrol as a tyrosinase inhibitor. An additional finding in RIL, electron-lucent degeneration with a vacuolar cytoplasm in basal keratinocytes, is similar to photo-induced changes in Caucasian skin suggesting keratinocytic damage by external stimuli. 25 Thus, this might be an alteration caused by ultraviolet exposure to whiten skin after application of rhododendrol.
Several chemical agents can cause depigmentation by occupational exposure or cosmetic application, termed chemical leukoderma. 26 Although surprisingly, only a few reports of chemical leukoderma contained histopathological description, decrease of melanosomes and/or melanocytes has been reported in human cases or animal experiments. [27] [28] [29] Chemical leukoderma clinically tends to be resolved by cessation of use. 26 Several theories have been proposed in the pathogenesis of chemical leukoderma, such as inhibition of tyrosinase activity, formation of free radicals, and destruction of lipoprotein membranes in melanocytes. 26, 30, 31 In contrast, only a small number of patients developed distant spread of lesions even after the termination in long-term follow-up. 26 In the progressive cases, it has been proposed that the chemicals initially trigger auto-immune responses against melanocytes 26, 32 33 In severe cases, auto-immune reaction might be a key factor. Takagi et al 34 reported that antibodies to tyrosinase were involved in RIL based on a study using peripheral blood of the patients. Thus, there is a possibility that auto-immune reaction targeting degenerative melanosomes may lead to subsequent changes in certain conditions and/or patients.
In conclusion, we clarified definite morphological characteristics of RIL, compatible with the reversible course of most cases of RIL and the radical function of rhododendrol as a tyrosinase inhibitor. However, intrinsic factors might be involved in the pathogenesis considering the existence of irreversible cases of RIL.
ACKNOWLEDGMENTS
We thank Makoto Tahira, a technical assistant, and Shinichi Morino 
